in each, a cure was effected. To our knowledge, only four other cases of this entity have been reported; in each instance, the diagnosis had been made only at necropsy. [1] [2] [3] [4] Successful correction has not been reported previously.
The manifestations in the three patients were so similar that the case findings justifiably may be presented in composite form to yield a profile of this condition.
Clinical Observations History and Physical Findings
Each of our three patients was male; general body development had appeared normal. At the time of operation, their ages were 5, 10, and 3 years, respectively. Cyanosis was not a feature except in one patient (case 1) in whom it appeared in early infancy during a period of cardiac failure. Two patients had decreased exercise tolerance. Of interest is that a cardiac murmur had been detected at an early age in each, namely, at one week, one day, and nine months, respectively.
Physical examination revealed a prominent precordial bulge in two patients. Cardiac enlargement, on the basis of the position of the apex, was readily apparent. In each patient, there was a systolic thrill maximal over the "aortic area," and a diastolic thrill maximal along the left sternal border. There were long grade 3 to 4 (on the basis of 1 to 4) harsh systolic and grade 3 to 4 blowing diastolic murmurs in the corresponding areas ( fig. 3 ). These murmurs were separate and widely transmitted, with no resemblance to the machinery murmur of a patent ductus arteriosus. In two cases, the clinical records make men-8LEVY, LILLEHEI, ANDERSON, AMPLIATZ, EDWARDS tion of apical systolic ejection clicks as well as absence of splitting of the second cardiac sound. Blood pressure determinations by the cuff method revealed features of aortic insufficiency in only one patient (ease 3) in whom, in an arm, the blood pressure was 108 mm. Hg systolic and 40 mm. Hg diastolic.
Electrocardiographic Findings
The mean QRS axis was of the left-axisdeviation type in cases 1 and 2, and was normal in case 3. Left ventricular hypertrophy was observed in each case at the time of initial evaluation. In cases 1 and 2, however, interval examinations revealed progressive left ventricular hypertrophy and strain ( fig. 4) nary trunk was seen to project anteriorly to the aorta above the level of the coronary arteries; hence, above the aortic sinuses (Valsalva). During systole, the aortie valve appeared to be slightly dome-shaped, raising the question of partial fusion of the valve leaflets. The coronary arterial pattern appeared normal, except for relative displacement caused bv rotation of the heart whichh, in turn, had resulted from the marked left ventricular enlargement. a left-to-right shunt was obtained in either case. In one patient (case 2), the pulmonary arterial pressure was normal, being 14 Hg systolic and 0 diastolic, while in the pulmonary trunk, the systolic pressure was 17 mm. Hg and the diastolic, 9 mm. Hg.
Pathological Observations
The pathological anatomical findings were derived from operative observations in each case and from neeropsy, additionally, in case 1. The following is a composite description of the information obtained from these sources.
After the perieardium was opened, it was apparent that the origin of the ascending aorta was grossly and uniformly dilated. From the anterior aspect of the ascending aorta and above the levels of coronary arterial ori- gins, a wide vessel-like structure, covered by visceral pericardium, arose. This structure, tubular in cases 1 and 2 ( fig. 8, left) , was about 1.5-cm. wide. In case 3, the origin of this structure resembled a saccular aneurysm closely applied to the aorta ( fig. 8, right) .
The abnormal structure deseended to the right of the pulmonary trunk and, from the exterior, was lost from view as it appeared to penetrate the basal aspect of the ventricular septum.
From within the aorta, the abnormal channel was represented by an ostium about 1.5 cm. in diameter. This ostium lay either just superior to the right coronary arterial origin or above and slightly to the left of it ( fig. 9 ). In cases 1 and 2, the coronary arterial ostia were distinct from the abnormal opening in the aorta, while in case 3 the right coronary artery arose from the lower aspect of the aneurysmally dilated origin of the abnormal channel.
Considering the region where the abnormal channel appeared to penetrate the ventricular septum, it was apparent from the pathological specimen (case 1) that the channel did enter the ventricular septum. It was that upward prolongation of the ventricular septum that lies to the right of the aortic root7 which received the channel ( fig. 10 ). From this area, the channel tunneled through that part of the ventricular septum which forms the posterior wall of the right ventricular infundibulum. It then terminated by communicating with the Of special note is the fact that, as the tunnel passed behind the right ventricular infundibulum, it caused the posterior wall of the infundibulum to bulge into the right ventricular cavity. Over the bulge, the endocardium of the right ventricle was thickened. It was suggested that this distortion of the right ventricular infundibulum might have been responsible for some obstruction to right venitricular outflow. External appearances of ascending aorta and of aortico-left ventricular tunnel as seen at operation. Left, case 1. The ascending aorta (Aorta) is greatly dilated. Fromn its anterior aspect a wide, vessel-like structure (T.) arises: the beginning of the tunnel.
As this approaches the heart, it lies to the right of the pulmonary trunk (P.). It then disapp,ears from view to enter the ventricular septum. Right, case 3. Arising from the grossly dilated ascending aorta is the tunnel (T.). In its external aspect, this structutre bears a closer resemblance to an aneurysm of the aorta than it does to the vessel-like nature which characterized this part of the tunnel in cases 1 and 2.
omy. In case 1, the aortic valve was congenitally bicuspid and appeared slightly stenotic. In the same case, the pulmonary valve showed minor degrees of commissural fusion, lesions which may have contributed to the demonstrated pulmonary stenosis. Nevertheless, some of this functional derangement, as suggested, may have been caused by the distortion of the wall of the right ventricular infundibulum imparted by the tunnel passing through the ventricular septum.
In case 1, the necropsy revealed hypertrophy of the left ventricular wall and enlargement of the left ventricular cavity. These changes were not different from those which are observed in common types of aortic valvular insufficiency. The right and left coronary arteries were demonstrated to be present and to follow usual patterns of origin and distribution. Histological examination was made of the entire length of the wall of the tunnel in case 1 ( fig. 11) . At its origin from the aorta, the outer layer of the tunnel was composed chiefly of elastic fibers which appeared to be an extension into the wall of the tunnel from the aortic media. This layer persisted until the tunnel penetrated the ventricular septum. Beyond that, the wall was composed of nonspecific, hyalinized collagen containing irregularly distributed elastic fibers. In this region, the wall of the tunnel bore resemblance to that of a myocardial sinusoid. Throughout the entire length of the tunnel, the inner aspect of the wall was composed of irregularly deposited connective tissue, some cellular and some hyalinized. The inner layer showed variable amounts of elastic tissue; in some areas these were exceedingly numerous and closely packed.
Representative examples of the ascending aorta at zones removed from the origin of the tunnel showed no histological changes of significance. No features which are exhibited in Marfan's syndrome or in so-called idiopathic dilatation of the aorta8 were encountered.
In case 3, at operation, a specimen for histological examination had been obtained of the junction of the aorta and the tunnel. The histological picture was like that observed at a comparable area in case 1. Operative Treatment Each of the three patients was operated upon by means of extracorporeal circulation. Selective coronary perfusion9 was not used in the first case (which was followed by a fatality), but was utilized in cases 2 and 3. The operative approach in each instance was through a midline sternotomy. The ascending aorta was greatly dilated and a to-and-fro thrill was readily apparent at the aortic origin. The duration of cardiac arrest was 60, 42, and 62 minutes in cases 1, 2, and 3, respectively.
From the exterior, a vessel appeared to arise from the ascending aorta above the levels of the coronary arteries. With the aortic lumen then exposed, the opening of a channel was identified in the anterior wall of the ascending aorta above the right coronary artery. Probing of the channel readily led to the left ventricular cavity.
In each instance, the aortic ostium of the abnormal communication was closed by multi- ple interrupted mattress sutures of silk, followed by a running over-and-over continuous stitch as a second layer. In cases 2 and 3, no further procedure was done, while in case 1 it was evident that the aortic valve was bicuspid and stenotic. The commissure, representing the center of the conjoined cusp, was divided to effect a greater opening of the aortic valve. In the same case, in whom pulmonary stenosis also had been identified, the pulmonary valve was exposed through the pulmonary trunk after completion of the aortic phase of the operation. The The similarity in appearance of the abnormal process among the three cases and the very early presence of abnormal physical signs strongly suggest a congenital basis.
Demonstration of continuation of aortic media into the wall of the tunnel suggests that it is an anomalous vessel rather than an acquired tract. Although the histological nature of the wall is not an exact counterpart of that of a coronary artery, the possibility remains strong that the aortico-left ventricular tunnel is, in effect, an accessory coronary artery which communicates, through an enlarged myocardial sinusoid, with the left ventricular cavity.
The aneurysmal nature of the origin of the tunnel in case 3 deserves some mention. Figure 1 , which represents a case previouslv observed by Edwards, shows a saccular aneurysm of the tunnel shortly beyond its origin. It is possible in that case, as well as in case 3 of this presentation, that the aneurysm was an acquired complication of a congenital malformation-the aortico-left ventricular tunnel. It will be recalled that secondary aneurysm formation is not uncommon in those anomalous coronary arteries that communicate with cardiac chambers. As pointed out earlier, the tunnel should not be confused with aortic sinus aneurysm, since the aortic origin of the tunnel is above the level of the coronary arterial ostia. True aortic sinus (Valsalva) aneurysms arise below the coronary ostia.15 In keeping with this distinetion is the observation that the origin of an aortico-left ventricular tunnel lies above the level of the heart and may be visualized roentgenographically as an abnormal extracardiac shadow. True aortic sinus aneurysms lie within the roentgenographic shadow of the heart and do not lend an abnormal shape to the cardiac silhouette.
The clinical differential diagnosis of aortieo-left ventricular tunnel includes aortic valvular incompetence and ruptured aneurysm of an aortic sinus (Valsalva). A specific diagnosis may be derived from radiological studies. In an aortico-left ventricular tunnel, the aseending aorta seems to be dilated in a fusiform aneurysmal fashion; this usually is not seen in aortic valvular incompetence, where the dilatation is more cylindrical. The aneurysmal dilatation in aortico-left ventricular tunnel is quite similar to the aneurysmal dilatation encountered in Marfan's syndrome.
In the aortogram, visualization of the round, double-density shadow above the aortic sinuses (in the region of the pulmonary trunk), coupled with lack of radiopaque material entering the pulmonary arteries, should establish the correct diagnosis of aortico-left ventricular tunnel and eliminate aortic sinus aneurysm. Such findings also exclude the diagnosis of isolated aortic valvular incompetence.
The angiographic appearance of aorticoleft ventricular tunnel might be confused with an aneurysm of a left coronarv artery. Demonstration of both coronary arteries quite apart from the abnormal channel should serve to distinguish aortico-left ventricular tunnel from aneurysmal coronary artery.
Summary
To be distinguished from aneurysm of an aortic sinus (Valsalva) is the rare condition in which an abnormal channel begins in the ascending aorta (above the right coronary artery), bypasses the aortic valve, and leads through the ventricular septum into the left ventricular cavity. This entity, which has not previously been diagnosed during life, to our knowledge, is herein named aortico-left ventricular tunnel.
The cases of three patients (aged 3, 5, and 10 years) with this rare condition are described. The clinical, electrocardiographic, and radiological featu-res were similar in each case and resembled those in aortic valvular insufficiency.
The diagnosis may be established clinically through selective aortography. This reveals that the origin of the abnormal communication lies in the anterior wall of the aseending aorta above the levels of the coronary arterial origins. The abnormal communication leads to the left ventricle. The condition is distinguished from aortic sinus aneurysm by its origin above the level of the aortic sinuses.
Identical anatomical findings and the presence of abnormal physical findings since infancy in each of the three patients suggest that this peculiar condition is a congenital malformation.
